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detected  the  onset  of  cracking  and  yielded  useful  information  regarding  the 
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techniques  developed  to  solve  these  problems  depend  on  a  particular  problem 
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summarized.  The  successful  results  and  properties  obtained  with  electro¬ 
composites  from  earlier  studies  are  also  presented  and  problems  encountered 
are  discussed.  Process  changes  for  improving  the  quality  and  strength  of 
electrocomposites  are  proposed. 
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functions  of  the  mode  shape  derivatives.  Since  these  functions  are  represented 
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in  derivative  calculations  is  assured. 


UNCLASSIFIED 

84  SECURITY  CLASSIFICATION  OF  this  PAGEfTFh»n  Dmc  Enfrtd) 


SECURITY  CLASS! FICATION  OF  this  PAGE  (Whan  Doto  Entorod) _ 

REPORT  DOCUMENTATION  PAGE  befoIeDcompletSgNform 

I.  REPORT  HUMBER  |2.  GOVT  ACCESSION  NO.  3-  RECIPIENT’S  CATALOG  NUMBER 


I.  REPORT  NUMBER  2.  GOVT  ACCESSIO 

ARCCB-TR-87033 _ 

4.  TITLE  (ond  Submit) 

NORMAL  MODES  ANALYSIS  OF  GUN  VIBRATIONS  BY  THE 
UNIFORM  SEGMENT  METHOD 


7.  AUTHOR/*/ 

Ronald  G.  Gast 


».  PERFORMING  ORGANIZATION  NAME  ANO  AOORESS 

US  Army  ARDEC 

Benet  Laboratories,  SMCAR-CCB-TL 
Watervliet,  NY  12189-4050 _ 

It.  CONTROLLING  OFFICE  NAME  ANO  AOORESS 

US  Army  ARDEC 

Close  Combat  Armaments  Center 
Picatinny  Arsenal ,  NJ  07806-5000 


5.  TYPE  OF  REPORT  &  PERIOD  COVERED 


Final 


S.  PERFORMING  ORG.  REPORT  NUMBER 


8.  CONTRACT  OR  GRANT  NUMBER/*/ 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  4  WORK  UNIT  NUMBERS 

AMCMS  No.  6126.23. 1BL0. 011 
PR0N  No.  A1 720518A1 1 A 

12.  REPORT  DATE 

November  1987 

13.  NUMBER  OF  PAGES 


MONITORING  AGENCY  NAME  4  AOORESS/"  dlltoront  trom  Controlling  Oltlco)  '5.  SECURITY  CLASS,  (ol  tht »  rtport) 

UNCLASSIFIED 

I5«.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


I  l«.  DISTRIBUTION  STATEMENT  (ol  thlo  Rtport) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  ( of  the  ebetrect  «r» tered  In  Block  20,  //  different  from  Report) 


t®.  supplementary  notes 


Presented  at  the  Fifth  U.S.  Army  Symposium  on  Gun  Dynamics,  The  Institute 
on  Man  and  Science,  Rensselaerville,  New  York,  23-25  September  1987. 
Published  in  Proceedings  of  the  Symposium. 


I  19.  KEYWORO$TContimj»o«r»r«r«««7di//n#c««««ry  end  Identify  by  block  number) 


Vibrations  Elastic  Supports 

Modal  Analysis  Numerical  Methods 

Beams  Gun  Dynamics 

Nonuniform  Beams  Structural  Dynamics 

ABSTRACT  fCartlRn  me  rmwm mm  iMi  ft  nmeeeeeey  mtd  Identity  ky  block  number) 

In  a  related  paper  published  in  the  Proceedings  of  the  Fourth  US  Army  Symposium 
on  Gun  Dynamics  (Sneck  and  Gast,  "Normal  Modes  Analysis  of  Gun  Dynamics"),  the 
Euler-Bernoul 1 i  equation  for  a  prismatic  gun/beam  elastically  supported 
(transverse  and  rotation)  at  the  breech  was  solved  for  its  normal  vibration 
modes  and  response  to  various  transient  loadings.  This  report  is  an  extension 
of  the  reference  in  that  the  axially  varying  tube  properties  are  now  considered, 
whereas  the  boundary  conditions  are  removed  and  applied  as  external  displacement 
_  (CQNT'D  ON  REVFRSn _ 

OO  I  JaTL  1473  EDITION  OF  1NOV  «*  IS  OBSOLETE  UNCLASSIFIED 


FORM 
JAM  73 


EDITION  OF  I  NOV  «S  IS  OBSOLETE 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  page  (Whon  Do  to  Entorod) 


I 


I 

1 

1 

4' 

1 


8 


£ 


■v.vW.y 


SECURITY  CLASSIFICATION  OF  This  PAGEfPTian  Data  En(ara< i) 


20.  ABSTRACT  (CONT'D) 
dependent  loads. 

In  the  Uniform  Segment  Method  the  spatial  domain  is  divided  into  a  finite  number 
of  prismatic  sections  within  which  the  Euler  equation  is  applied.  Solutions  to 
this  equation  yield  functional  relationships  for  mode  shapes  in  the  form  of 
trigonometric  and  hyperbolic  functions.  The  overall  structure  is  modelled  as  a 
free-free  beam  with  intersegment  continuity  assured  by  the  matching  of  displace¬ 
ment,  slope,  moment,  and  shear  transfer  at  segment  boundaries.  Applying  the 
free-free  boundary  and  continuity  conditions  results  in  a  system  of  equations  in 
the  unknown  frequencies  and  coefficients.  The  solution  of  this  system  yields  the 
natural  frequencies  and  mode  shape  coefficients  within  an  arbitrary  constant. 

The  main  advantage  of  using  this  method  over  finite  elements  lies  in  the  reduced 
number  of  degrees  of  freedom  needed  to  model  the  structure.  Real  prismatic 
sections  model  one  to  one.  This  is  not  the  case  in  finite  element  methods. 
Additionally,  a  number  of  the  transient  loads  known  to  drive  gun  vibrations  are 
functions  of  the  mode  shape  derivatives.  Since  these  functions  are  represented 
analytically,  which  is  a  characteristic  of  the  Uniform  Segment  Method,  the  need 
to  calculate  derivatives  by  numerical  algorithms  is  eliminated.  Thus,  exactness 
in  derivative  calculations  is  assured. 


UNCLASSIFIED 

86  SECURITY  CLASSIFICATION  of  This  PAGEITWian  Oaf*  Entarad; 


SECURITY  CLASSIFICATION  or  THIS  PAGE  (Whon  Dots  Entmrrd) 


_ __ _ _ _  n am  i  u  i v  i  yi/vi  n  i  ac  READ  INSTRUCTIONS 

REPORT  DOCUMENTATION  PAGE  _ _ before  completing  form 


TTTepoRT  NUMBER  —  Jj.  GOVT  ACCESSION  N04  3-  RECIPIENT'S  CATALOG  NUMBER 


1.  REPORT  NUMBER 

ARCCB-TR-87034 


4.  TITLE  (end  Subti tl e) 

DETERMINATION  OF  AQUO-COMPLEXES  OF  CHROMIUM  AND  Final 
IRON  IN  CHROMIUM  PLATING  AND  POLISHING  SOLUTIONS 
BY  ION  CHROMATOGRAPHY 


5.  TYPE  or  REPORT  &  PERIOD  COVERED 


S.  PERFORMING  ORC.  REPORT  NUMBER 


7.  AUTHOR!-*; 


Samuel  Sopok 


9.  performing  organization  name  and  adoress 

US  Army  ARDEC 

Benet  Laboratories,  SMCAR-CCB-TL 
Watervliet,  NY  12189-4050  _ 


II.  CONTROLLING  orrtCE  NAME  ANO  AOORESS 

US  Army  ARDEC 

Close  Combat  Armaments  Center 
Picatinny  Arsenal,  NJ  07806-5000 

14.  MONITORING  AGENCY  NAME  ft  AODR ESS(lf  dl//#r«nn 


a.  contract  or  grant  number^ 


10.  PROGRAM  ELEMENT,  PROJECT,  TASK 

area  a  work  unit  numbers 

AMCMS  No.  61 26231 BL 
PR0N  No.  M77F000901M71A 


12.  REPORT  OATE 

November  1987 _ 

IS.  NUMBER  OF  PAGES 

_ z _ 

Controlling  Ollleo)  IS.  SECURITY  CLASS,  (of  thto  roport) 


UNCLASSIFIED 


IS*.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


IS.  DISTRIBUTION  STATEMENT  (ol  thlo  Roport) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (of  the  mb  m  tract  mntotod  tn  Block  20,  it  different  from  Roport) 


18.  supplementary  notes 


Submitted  to  LC-GC  Magazine  of  Liquid  and  Gas  Chromatography. 


18.  KEY  WORDS  (Continue  on  roooroo  oidm  If  neceeeery  and  identify  by  block  number) 


Aquo-complexes 

Chromium 

Iron 

Chromium  Plating  Solutions 


Polishing  Solutions 
Ion  Chromatography 


120.  abstract 


t  Identity  by  block  mrntber) 


Aquo-complexes  of  chromium  and  iron  in  chromium  plating  and  polishing  solutions 
of  individual  concentration  levels  above  7.5  g h  resuU  in  a  poor  quality  plate 
condition.  An  ion  chromatographic  procedure  utilizing  UV-visible  and  atomic 
absorption  detection  for  determining  0-20  q/t  concentration  levels  of  these 
aquo-complexes  is  described.  Since  no  derivatizations  are  necessary,  matrix 
effects  are  much  less  common  compared  to  previous  chromatographic  methods.  The 
relative  standard  deviation  is  about  two  percent  and  sensitivity  is  about  1  ppm 
for  these  determinations.  _ _ 


do 


FORM 

JAM  78 


EDITION  OP  *  NOV  8*  IS  OBSOLETE 


UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  fWhw,  Doto  Entotod) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whit  Data  Bntarod) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

I.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

ARCCB-TR-87035 

3.  RECIPIENT’S  CATALOG  NUMBER 

4.  TITLE  (and  Submit) 

RAIL  DAMAGE  IN  A  SOLID  ARMATURE  RAIL  GUN 

S.  TYPE  OF  REPORT  ft  PERIOO  COVERED 

Final 

S.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORO) 

Theresa  Brassard  and  Clarke  G.  Homan 
(See  Reverse) 

9.  CONTRACT  OR  GRANT  N  U  M  8  E  Rfo) 

9.  PERFORMING  ORGANIZATION  NAME  ANO  AOORESS 

US  Army  ARDEC 

Benet  Laboratories,  SMCAR-CCB-TL 

Watervliet,  NY  12189-4050 

to.  PROGRAM  ELEMENT,  PROJECT.  TASK 
AREA  ft  WORK  UNIT  NUMBERS 

AMCMS  No.  611102H61 

PR0N  No.  A172026502A11A 

1 1.  CONTROLLING  OFFICE  NAME  ANO  AOORESS 

US  Army  ARDEC 

Close  Combat  Armaments  Center 

Picatinny  Arsenal,  NJ  07806-5000 

12.  report  date 

December  1987 

II.  NUMBER  OF  PAGES 

17 

<4.  MONITORING  AGENCY  NAME  ft  AOORE 5S(ll  dl Iterant  tram  Controlling  Olllea) 

IS.  SECURITY  CLASS,  (ot  tMa  raport) 

UNCLASSIFIED 

<5a.  DECLASSIFICATION/ DOWNGRADING 
SCHEOULE 

IS.  DISTRIBUTION  STATEMENT  (ol  t hit  Raport) 

Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (ol  the  abstract  antarad  In  Block  20,  It  dllfarant  from  Raport ) 

IS-  SUPPLEMENTARY  NOTES 

Presented  at  the  Fifth  U.S.  Army  Symposium  on  Gun  Dynamics,  The  Institute 
on  Man  and  Science,  Rensselaerville,  New  York,  23-25  September  1987. 

Published  in  Proceedings  of  the  Symposium. 

19.  KEY  WOROS  (Continue  on  revtrct  oido  It  nocoooory  mid  Identity  by  block  number) 

Rail  Guns 

Solid  Armature 

Rail  Damage 

2Q.  ABSTRACT  an  raw—  «Mi  ft  n moooomy  mad.  Identity  by  block  ntmtbar) 

Two  types  of  rail  guns  are  currently  under  investigation  to  meet  Army 
tactical  missions.  Plasma  arc  drive  rail  guns  operate  by  forming  a  high 
temperature  plasma  behind  the  projectile  using  a  thin  metal  fuze.  These 
systems  achieve  the  highest  projectile  velocities  (•v  12  km/sec),  since  the 
driving  force  includes  a  substantial  plasma  pressure  as  well  as  the  electro¬ 
magnetic  or  Lorentz  force.  Unfortunately,  severe  rail  damage  occurs  primarily 
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from  the  intense  temperatures  generated  by  the  plasma  arc  and  the  wiping  motion 
of  the  armature  itself.  This  severe  rail  damage  is  not  compatible  with  Army 
tactical  missions  requiring  multi-shot  applications.  The  plasma  armature  gun 
will  not  be  discussed  in  this  report. 

The  solid  armature  gun  replaces  the  plasma  armature  with  a  conducting  metal 
armature.  Since  the  plasma  arcing  is  reduced  or  eliminated,  the  projectiles  are 
accelerated  mainly  by  the  Lorentz  force.  Thus,  solid  armature  rail  guns  operate 
at  lower  projectile  velocities.  The  important  tradeoff  is  that  there  is  a 
substantial  reduction  in  rail  damage  for  metal  armature  projectiles. 

Several  factors  limit  projectile  velocities  in  the  metal  armature  rail  guns. 

The  most  obvious  is  the  elimination  of  the  plasma  force.  However,  a  more  subtle 
limit  is  the  speed  at  which  the  confutation  process  can  take  place.  Although 
the  latter  limit  is  still  not  well  understood,  experimental  evidence  indicates  a 
commutation  limit  may  occur  near  6  to  7  km/sec.  This  velocity  limit  is  still 
attractive  for  Army  tactical  missions  for  rail  guns. 

The  actual  rail  damage  occurring  with  two  types  of  metal  armatures,  wire  brush 
contactors  and  monolithic  metal  contactors,  and  new  developments  in  barrel 
technology,  such  as  superconducting  augmentation,  are  presented  in  this  report. 
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The  launchabil ity  of  penetrator  projectiles  at  the  velocities  attainable  in 
electromagnetic  (EM)  launch  is  examined.  By  assuming  a  base-driven  model, 
theoretical  expressions  are  derived  for  the  ratio  of  projectile  mass  to  the 
mass  of  the  penetrator  core  (My/Mp)  as  a  function  of  the  ratio  (x)  of  the 
length  of  the  penetrator  (z)  to  the  unsupported  length  of  the  penetrator  (z0) 
This  analysis  relates  the  specific  strengths  and  densities  of  the  penetrator 
and  sabot  materials  to  x  and  KT/Mp.  (coNT'D  0N  REVERSE) 
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20.  ABSTRACT  (CONT'D) 

It  is  shown  that  an  electromagnetic  projectile  made  from  materials  used  in 
fielded  penetrators  and  launched  with  a  maximum  acceleration  of  150,000  G‘s  can 
have  an  unsupported  length  (ji0)  of  5  to  7.2  cm  dependent  on  the  material  yield 
criteria  used.  Using  conservative  design  criteria  similar  to  those  used  in  the 
XM829  round,  we  show  that  a  projectile  of  2  kg  mass  having  a  1  kg  penetrator 
core  may  be  launched  in  the  base-driven  mode  without  exceeding  material 
properties. 
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Superconvergence  properties  and  quadratic  polynomials  are  used  to  derive  a 
computationally  inexpensive  approximation  to  the  spatial  component  of  the  error 
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